AJ LTHOUGH the peripheral arterial circulation in hypertension has been well studied in the past, 1-4 to our knowledge the technic of rheoplethysmography5 6 has never been utilized for this purpose. Since this method offers a more accurate and detailed appraisal of the digital circulation than heretofore available, it seemed worth while to utilize it in a reinvestigation of the digital hemodynamics in hypertension.
AJ LTHOUGH the peripheral arterial circulation in hypertension has been well studied in the past, [1] [2] [3] [4] to our knowledge the technic of rheoplethysmography5 6 has never been utilized for this purpose. Since this method offers a more accurate and detailed appraisal of the digital circulation than heretofore available, it seemed worth while to utilize it in a reinvestigation of the digital hemodynamics in hypertension.
Materials and Methods
Fourteen normotensive (ages 21 to 60 years) and 17 hypertensive subjects (ages 29 to 75 years) were studied in the fasting state, while reclining at a 30-degree angle in a comfortable hospital bed under controlled environmental conditions (room temperature 22 to 24 C. and relative humidity 45 to 55 per cent). Each subject was allowed to acclimate to the environment for 1/2 hour prior to the actual procedure. Each experiment was conducted with use of the right index finger supported at heart level by means of an adjustable arm rest.
The normotensive subjects were free from intercurrent cardiovascular disease. The hypertensive subjects were of varying severity and were diagnosed as either essential or secondary to a renal lesion. No patient was in heart failure at the time of study. The technic was as described by Burch5' 6 except for one alteration. The pressure in the occluding cuff was triggered at a preset time following the R wave of a simultaneously recorded electrocardiogram so that the cuff was inflated exactly at the commencement of a pulse wave. Analysis of the rheoplethysmograms was performed manually at 0.1-second intervals.
As suggested by Burch,5 6 a subdiastolic pressure of 60 mm. Hg was used as the occluding cuff pressure in studying the normotensive subjects. Initial studies with the hypertensive group demonstrated that the volume-time course curves of the inflow (Iv) were distorted and reduced in amplitude at this cuff pressure. A pilot study was then conducted in which eight hypertensive patients were evaluated with both 60 and 100 mm. Hg as the occluding cuff pressures (table 1) . The total volume inflow for the first pulse cycle was greater at 100 mm. Hg in six of the eight subjects. One subject demonstrated a higher flow at 60 mm. Hg, while another had identical flows at both cuff pressures. For these reasons, and since 100 mm. Hg represented a pressure just below the mean diastolic level, this cuff pressure was used in the hypertensive group. Each artifact curve was obtained at the respective cuff pressure employed. All digital flow studies were recorded on the plateau of an alpha wave and the ascent of a beta wave where posteapillary tone is thought to be least.7 To assure reproducibilityf, all 31 subjects were evaluated on two or more separate occasions. Digital Blood Flow Digital flow was measured and calculated as described by Burch.5 6 Flow was expressed in mm.3/ 5 ml. part/see.
Mean Digital Arterial Pressure
A rigidly backed oscillometric cuff, connected to a differential capacitance transducer (Infratron) was placed over the digital pad of the right index finger. The transducer was connected to a Grass electrocardiograph preamplifier, and the pulse waves were recorded on paper sensitive to ultraviolet light. A second cuff was placed adjacent to the first and was inflated with varying pressures by means of a hand bulb and mercury manometer. When the systolic pressure in the digital arteries was exceeded, the pulse waves recorded from the oscillometric cuff disappeared. As the pressure in the occluding cuff approximated the systolic level, the pulse waves reappeared. The pressure in the cuff was then reduced in inerements of 10 mnmil. Hg until a pressure of 40 mm. Hg was reached. Digital diastolic pressure was measured as the pressure where an oblique instead of a vertical upswing is seen just prior to the major systolic pulse,8 or where the "whip" phenomenon occurred at the initial upswing of the major systolic pulse.9 The mean digital arterial pressure was calculated by the formula: 1/3 pulse pressure + digital diastolic pressure.
Digital Venous Pressure
For this part of the study single determinations were performed on 28 normotensive and 26 hypertensive patients. The technic used was patterned after that described by Burton.10 Essentially, if gradually increasing pressures are applied to the finger and the resulting total volumne increase is plotted against the pressure used for occlusion, a straight line results. The poinit at which this line intersects the ordinate, representing the occluding pressure, closely approximates the pressure in the small veins of the digit. The pressure was measured in cm. of water, and then converted into mm. Hg.
Digital Vascular Resistance
Digital vascular resistance was calculated from the formula: flow which occurs between the end of one pulse cycle and the beginning of the next. Since, in our experiments, the occluding cuff was inflated at the beginning of systole, basal pulsatile flow was calculated at the end of the first pulse cycle following venous occlusion.
Records in which the rate of inflow (IR) approached zero, indicating a "tight" venous reservoir, were not utilized for this purpose.
The time interval of the basal flow was measured just prior to venous occlusion. The rate of inflow (IR) during this measured time interval was calculated at the end of the first pulse cycle following venous occlusion. The digital basal pulsatile flow was expressed as mm.3/5 ml. part/see. ( fig. 1 ).
Other Observations
Pulse contours in both the hypertensive and normotensive subjects were analyzed for the presence or absence of dicrotic notches. In addition, the mean deflections of the pulse volumes were determined for both groups of subjects by dividing the area of the curve by its length in millimeters and multiplying by the sensitivity factor for the system.
The volume change of the artifact at 60 mm. occluding pressure was determined in each subject. Also the volunme inflow (Iv) and outflow (Ov) curves were studied in particular for the time of onset of the outflow. Results Tables 2 and 3 There was no statistical difference in flow observed between the two groups (p < 0.05). As expected, however, the hypertensive subjects revealed a significantly elevated mean arterial pressure and vascular resistance, studied. The mean digital venous pressure in the normotensive subjects was 8.5 + 3.1 mm. Hg as compared to 10.9 + 3.1 mm. Hg in the hypertensive patients (p < 0.01). As can be seeni, 90 per cenit of the hypertenisive subjects had a venous pressure between 8.9 and 13.8 mm. Hg, while 90 per cent of the normotensive ones fell between 5.9 and 10.4 mnm. Hg.
There was no significant differeniee in basal pulsatile flow betweeni the two groups (13 + 4.2 mm.3/5 ml. part/see. for the normuotensive and 18.0 ± 10.4 mm.3 /5 ml. part/see. for the hypertensive).
Dicrotic notches were prominent in the pulses of both normal and hypertensive groups.
The mean pulse deflection averaged 3.3 + 1.1 mm.3/5 ml. part for the normotensive anid 2.0 + 0.65 mm.3/5 ml. part for the hypertensive subjects, an insignificant difference (p < 0.1). In most of the hypertensive records, DIGITrAL HEMODYNAMICS there was observed a slight delay (0.1 sec.) in the peak of the pulse wave. Finally, the time of onset of the venous outflow and the volume artifacts were essentially similar in both groups. Figures 2 and 3 represent typical data from the hypertensive and normotensive rheoplethysmograms.
Discussion
The data accumulated by this more accurate method of plethysmography are in general agreement with those obtained by other technics. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] They confirm the observation that the finger tip participates in the increased peripheral resistance characteristic of hypertension. Since we have directly measured digital vein and mean arterial pressures, we believe that the peripheral resistances herein reported are more significant than others found in the literature, when either brachial artery pressures or a constant figure for venous pressure have been used in the calculations.
The slightly increased small-vein pressures exhibited by the hypertensive group in this study are at variance with those reported by Eichna.15 Differences in the technics employed might well explain this variation. On the other hand, the elevated vein pressures could reflect an increase in small-vein tone in hypertension in the presence of equivalent blood flows.
We believe that, aside from the increased peripheral resistance, the digital vasculature of the hypertensive and the normotensive subject are essentially similar, and do not differ in the degree of venous engorgement or in patency of the arteriovenous shunts. Were this not true, the two groups might have differed in the size of the pulse volume, the dicrotic notch, the height of the artifact volume, the time of onset of the venous outflow, and the basal pulsatile flow. 16 We believe the slight delay in the peak of the pulse volume noted consistently in the hypertensive subject reflects arteriolar constriction secondary to the hypertensive process.
These data are presented as the first in a Circulation, Volume XXVIII, September 1963 series of observations employing the technic of rheoplethysmography on the hemodynamics of the digit in the hypertensive state. Summary Rheoplethysmographic studies were conducted to evaluate the digital hemodynamics of the hypertensive state. It is concluded that digital blood flow is similar in normal and hypertensive subjects; digital mean arterial pressures and calculated vascular resistances were significantly elevated in the hypertensive as compared to the normal subject; there is a small but definite increase in digital venous pressure in the hypertensive state; and the digital vasculature and in particular the arteriovenous shunts are otherwise similar in both the normal and the hypertensive subject. 
Science and Growth
One ean measure scientific growth in a number of ways, but it is important not to mistake things. The excellence of the individual scientist does not change much with time. His knowledge and his power does, but not the high quality that makes him great. We do not look to anyone to be better than Kepler or Newton, any more than we look to anyone to be better than Sophoeles, or to any doctrine to be better than the gospel according to St. Matthew. Yet one can measure things, and it has been done. One can measure how nmany people work on scientific questions: one can count them. One can notice how much is published.
These two eriteria show a doubling of scientific knowledge in every ten years. Casimir calculated that if the Physical Review continued to grow as rapidly as it has between 1945 and 1960, it would weigh more than the earth during the next century. In fifteen years, the volume of chemical abstracts has quadrupled; in biology the changes are faster still. To-day if you talk about scientists and mean by that people who have devoted their lives to the acquisition and application of new knowledge, then 93 per cent of us are still alive. This enormously rapid growth, sustained over two centuries, means, of course, that no man learned as a boy more than a small fraction in his own field of what he ought to known as a grown man.-J. ROBERT OPPENHEIMER. "On Scienee and Culture." Encounter, October, 1962, p. 5.
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